INTRODUCTION
past century (Rothschild & Vickers 1991) . Adult OFM generally move short distances and most moths disperse less than 200 m, although they are capable of flying over 2 km (Yetter & Steiner 1932; Sziraki 1979) . Hence, the natural rate of movement by OFM is slow. Its spread, however, is facilitated by the transport of infested material, either in fresh fruit and on nursery trees or in containers where mature larvae have left fruit and pupated. OFM now occurs in other parts of Asia, Europe, the Americas, North Africa, Middle East and Australasia. OFM was first recorded in New Zealand in south Auckland in 1976 (Cox & Dale 1977 , although subsequent pheromone trapping revealed that it was already widely established in the Auckland area (Baker 1982) . Two years later, OFM was recorded from Whangarei to the Bay of Plenty, and by 1982 it had spread northwards to Kaitaia and south as far as Gisborne and Hawke's Bay (Baker 1982) . OFM is now presumed to be found throughout the North Island, although Lo (2000) observed that 18 years after it was first found in Hawke's Bay, half the stonefruit orchards surveyed were still free of this pest. A 20-year trapping programme in Central Otago in the South Island caught only one OFM in 1992, but there were no signs of an established population and no further moths were trapped up to 2000 (McLaren & Wearing 2000) .
In the 1990s, OFM adapted to pipfruit and became a key pest of apples and pears in Australia (Il'ichev et al. 1998 ) and the USA (Kovanci et al. 2005) . Following the discovery of OFM in 2002 in Quebec, Canada, it was later found on 10/24 apple orchards there between 2003 and 2005 (Bellerose et al. 2007 ). In New Zealand, OFM has been recorded from apples in Auckland (Baker 1982) , while Waikato has a small area of commercial apple production and several orchards were known to have been infested with this pest in the past (S. June, formerly Pickmee Fruit Company, personal communication).
The New Zealand pipfruit industry occupies about five times the planted area of stonefruit, and almost two thirds of it is in the North Island (Anon. 2015). It has been a concern that OFM could become more widespread and abundant on apples. This could necessitate additional costs to producers for OFM-specific control measures. In addition, OFM larvae and its damage could be mis-identified for codling moth (Cydia pomonella) larvae and damage.
This study was initiated after an orchardist in Gisborne reported unusual insect damage to the shoot tips of some young apple trees in autumn 2014. Shoot samples were sent to Plant & Food Research in Havelock North, where several larvae were found and identified as being OFM. The trees in Gisborne had come from a nursery in Hawke's Bay that had also sent the same cultivar of trees to Nelson. The sale of potentially OFM-infested nursery stock to growers in Nelson was of concern because the South Island of New Zealand is believed to be free of OFM. The objective of this study was to determine how widespread OFM is on New Zealand apple orchards.
METHODS
Apple orchards were monitored for OFM in Waikato, Gisborne, Hawke's Bay, Nelson and Central Otago in 2014-15. Monitoring of OFM was repeated in Hawke's Bay and Nelson in 2015-16. Pheromone traps were sent to the Waikato orchards known to have had OFM previously. Monitoring was also conducted in Gisborne at the orchards where the young OFM-infested trees were located. Hawke's Bay is the main apple-producing region of New Zealand and also home to the second largest area of stonefruit. Therefore, the most intensive monitoring of apple orchards was conducted in this region. Monitoring included two orchards that supplied budwood to the nursery whose trees were the source of the Gisborne infestation. Budwood collected from infested orchards is the likely path for OFM infestation of nursery seedling trees. Nelson in the South Island is the other major apple-growing region, and all the orchards that received the same batch of seedling trees as Gisborne were monitored for OFM. The fifth region was Central Otago, which has New Zealand's largest area of stonefruit.
In each orchard, usually one but occasionally two Delta traps with a rubber septa pheromone lure (International Pheromone Systems Ltd) on a sticky base were placed in orchards in December or January and checked approximately weekly. Hawke's Bay orchards were monitored until April each year. In other regions, the trapping period varied from 6 to 11 weeks. OFM has three to four generations in New Zealand (Russell 1987) , with peaks of adult emergence from September to March (Russell 1982) . The number of orchards monitored is shown in Table 1 .
In March and April 2016, apples from commercial orchards in Hawke's Bay that showed larval tunnelling damage were collected as part of other research on codling moth. The apples were cut open to look for larvae, which were either examined with a microscope or placed in test tubes with artificial diet to be reared. Some of these larvae were OFM and these data are presented here. Larval OFM and codling moth are similar in appearance. The key distinguishing feature is that the former has an anal comb that protrudes from under the last abdominal segment (Anon. 1999).
RESULTS
No OFM were found in Gisborne, Nelson or Central Otago, but it was recorded in Waikato and Hawke's Bay (Table 1 ). In the sole Waikato orchard where OFM was found, 13 moths were trapped. This orchard also has stonefruit, which were a potential source of infestation. In Hawke's Bay, OFM occurred on 23 (64%) of the orchards surveyed, although fewer than eight moths were trapped per season on 20 of these properties. Substantial numbers of moths were caught on three (8%) of the surveyed orchards, including two that trapped over 100 moths/trap/year.
Approximately 100 larvae were collected from damaged apples, and at the date of publication, three were OFM. The remainder were either codling moth or are still being reared to adults.
DISCUSSION
There was no sign of established OFM populations on the seven orchards in Gisborne and Nelson that planted potentially infested nursery trees from Hawke's Bay. It is likely that either the trees were not infested, or the regular insecticide programme against codling moth and leafrollers has controlled any OFM infestations. This was a particularly good outcome for the stonefruit industry. South Island stonefruit growers have "area of freedom" status for OFM, which allows exports of fruit to Australia without the need for additional controls or inspections for OFM. This status would be withdrawn if OFM were to be found in the South Island.
Measures were taken at the time of OFM's arrival in New Zealand to restrict its movement within the country. For example, nurserymen in the North Island were asked to voluntarily dip the roots of Prunus trees in insecticide before they were sent to the South Island (McLaren & Wearing 2000) . Nurserymen and growers were reminded about good practices some years later (Lo 2000) . It would be desirable for the industry to reinforce the ongoing necessity of these protective measures, in view of the volume and value of stonefruit exports to Australia. No other preventative measures such as limiting the inter-island transport of fruit were implemented.
The proportion of apple orchards in Hawke's Bay where OFM was found was higher than expected, given that adults do not fly far (Yetter & Steiner 1932; Sziraki 1979) . Pipfruit orchards often have blocks of stonefruit trees nearby, and many of the latter will be infested by OFM. The majority of the orchards in this survey had low numbers of OFM and some may well have been "strays". Nevertheless, the high number of OFM on two orchards, only one of which has stonefruit nearby, was more indicative of established populations. It is a concern for New Zealand orchardists that OFM may adapt to pipfruit and become a significant pest, which has happened overseas (Il'ichev et al. 1998; Kovanci et al. 2005; Bellerose et al. 2007) . A few OFM larvae were found in fruit that had received an export insecticide spray programme for codling moth and leafrollers. One of the consequences for apple growers of OFM becoming established in pipfruit is that the larvae and their tunnelling damage could be mistaken for those of codling moth. Accurate differentiation of OFM larvae from codling moth larvae requires expertise and appropriate microscopic magnification. OFM and codling moth damage to apples is indistinguishable. High value Asian export markets have a nil tolerance for codling moth in apple consignments (Anon. 2014). Growers targeting fruit for such destinations would be forced to send their crops elsewhere if codling moth damage or larvae were to be found. The potential loss of earnings is significant, especially if a consignment was wrongly withdrawn because of misidentification of OFM.
Another consequence is that OFM may require a specific pesticide control programme as the one for codling moth may not be suitable. In New Zealand, codling moth has one generation and a partial second with a prolonged emergence period that peaks in late December or January (Wearing & Walker 1998) . By comparison, OFM has three to four generations that would need to be controlled (Russell 1987) . In Hawke's Bay, most of the stonefruit crop is harvested by March and growers have stopped their insecticide sprays for OFM before the last generation of moths appears. The bulk of the apple crop is picked between February and April, and therefore during this period there is a high probability of apple orchard infestation by OFM.
Overseas experience shows that OFM has the potential to become a major pest of apples in New Zealand. It would be prudent for OFM to be monitored more closely and controlled where necessary with pesticides or pheromone mating disruption. This applies especially on pipfruit orchards with known infestations, or those that are close to infested stonefruit blocks. A more targeted control programme on the few apple orchards where OFM is established may prevent or delay it from becoming a major pest of pipfruit.
